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Summary
The roles of the kinase Aurora A (AurA) in centrosome
function and spindle assembly [1–3] have been estab-
lished inDrosophila [4, 5],C. elegans [6], and Xenopus
egg extracts [7–9]. Recently, we have shown that AurA
acts downstreamof theRanGTPase signaling pathway
to stimulate spindle assembly inmitosis [10]. However,
it is still not clear whether AurA can stimulate the for-
mation of microtubule organizing centers (MTOC) on
its own. Moreover, whether AurA is essential for spin-
dle assembly in the absence of centrosomes has re-
mained unclear [10, 11]. Here, we report the develop-
ment of functional assays that allow us to show that
activation of AurA by TPX2 is essential for Ran-stimu-
lated spindle assembly in the presence or absence of
centrosomes. Furthermore, AurA-coated magnetic
beads function as MTOCs in the presence of RanGTP
in Xenopus egg extracts and RanGTP stimulates
AurA to recruit activities responsible for both MT nu-
cleation and organization to the beads. The MTOC
function of AurA-coated beads require both MT nucle-
ators and motors. Compared to XMAP215-coated
beads [12], AurA-coated beads increase the rate of bi-
polar spindle assembly in the presence of RanGTP,
and the kinase activity of AurA is essential for the
beads to function as MTOCs.
Results and Discussion
Aurora A Localizes to Spindle Poles and Microtubule
Astral Centers in Xenopus Egg Extracts
Xenopus egg extracts made from cytostatic-factor-
arrested mature oocytes (M phase extracts) offer a great
in vitro system to study the assembly of centrosomes
and spindles in mitosis. The use of this system has led
to many discoveries, including the signaling pathway
mediated by RanGTPase that stimulates spindle assem-
bly in mitosis [13, 14]. However, the inability to detect the
localization of AurA on centrosomes and spindles as-
sembled in egg extracts and the lack of good functional
assays for AurA have made it difficult to study the func-
tion of the kinase in the egg extracts [11].
To overcome these problems, we generated rabbit
polyclonal antibodies against Xenopus AurA (also called
Eg2) (Figure 1A). The affinity-purified AurA antibody rec-
ognized AurA in egg extracts both by Western blotting
and by immunoprecipitation (Figures 1A and 1B). Al-
though this antibody recognized AurA at centrosomes
and spindle poles in Xenopus tissue culture cells by
*Correspondence: zheng@ciwemb.eduimmunostaining (data not shown), it failed to detect
AurA at the poles of spindles induced by RanGTP in
Xenopus M phase egg extracts (Figure 1C). We rea-
soned that spindles assembled in the egg extracts might
have denser MTs than that of tissue culture cells, which
could physically block AurA antibody to access AurA on
spindle poles. Because the antibody recognized native
AurA by immunoprecipitation, we added a small amount
of antibody (60 ng/ml final) to M phase extracts prior to
the induction of aster and spindle assembly by RanGTP.
The MT structures were then processed for immunoflu-
orescence staining as described previously [15]. This
treatment allowed us to detect the highly concentrated
AurA at the centers of MT asters and spindle poles (Fig-
ure 1C). Quantification revealed that the low level of
AurA antibody used during MT assembly did not inhibit
aster and spindle assembly as compared to controls
(Figure 1D). This shows that AurA is concentrated at
MT spindle poles, and MT astral centers assembled in
egg extracts.
AurA Activation Mediated by TPX2 Is Required
for Spindle Assembly Induced by RanGTP
The ability to detect AurA on MT structures assembled in
Xenopus egg extracts allowed us to further explore the
function of this kinase. Previously, we have shown that
TPX2 is essential for the activation of AurA by RanGTP
in M phase egg extracts [10]. Because the addition of
mutant AurA-T294,295A (AurA-AA), which does not
have kinase activity, greatly inhibited spindle assembly
induced by RanGTP in M phase extracts, we proposed
that AurA kinase activation through TPX2 is important
for spindle assembly stimulated by RanGTP [10]. How-
ever, a recent study showed that the C-terminal region
of TPX2, which does not bind or activate AurA, is suffi-
cient to replace the endogenous TPX2 for spindle
assembly induced by Xenopus sperm in M phase egg
extracts [11]. This suggests that AurA kinase activity
stimulated by TPX2 might not be essential for spindle
assembly.
To further study whether AurA kinase activation by the
RanGTP-TPX2 pathway is essential for spindle assem-
bly, we created a TPX2 mutant to manipulate AurA ki-
nase activity. Because the first 43 amino acids of human
TPX2 are essential for binding and activating AurA [16],
we deleted the equivalent N-terminal amino acids (1–
40 aa) of Xenopus TPX2 to create DNTPX2. Both wild-
type TPX2 and DNTPX2 were expressed as GST fusion
proteins in bacteria. After purification, the GST tag was
removed from the recombinant proteins by protease
cleavage. We immunodepleted TPX2 from M phase
extracts and found that addition of RanGTP to mock-
depleted, but not TPX2-depleted, M phase extract led
to AurA activation, as determined by autophosphoryla-
tion of the activation loop at threonine 295 of AurA
with antibody recognizing phospho-T295 (Figure 2A)
[10]. RanGTP-induced AurA activation in TPX2-depleted
egg extracts could be rescued by adding purified wild-
type TPX2. When DNTPX2 was added to the TPX2-
depleted egg extracts, AurA activation was either
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2157Figure 1. Localization of AurA to MT Structures Assembled in Xenopus M Phase Egg Extracts in the Presence of RanGTP
(A) Bacterially expressed and purified Xenopus His-AurA was visualized either by Coomassie blue staining (CB) or by Western blotting (WB)
probed with the affinity-purified rabbit polyclonal antibody to the AurA protein.
(B) The rabbit antibody recognized a single band with the expected size for AurA inXenopus egg extracts by Western blotting (WB). The antibody
also immunoprecipitated AurA from the egg extract as judged by Western blotting probed with the monoclonal antibody (1C1) to AurA (IP/WB).
(C) M phase egg extracts containing rhodamine tubulin were stimulated by RanQ69L, a mutant Ran mimicking RanGTP, to assemble MT asters
and spindles in the presence of control buffer (control), 60 ng/ml control rabbit IgG, control secondary antibody for immunofluoresence staining
(control 2º IgG), or AurA antibody (AurA IgG). MT structures were processed for immunofluorescence staining for AurA [20]. The presence of AurA
antibody during spindle assembly allowed the detection of AurA on MTs. Insets show a microtubule aster with the AurA antibody labeling the
astral center. Scale bar, 10 mm.
(D) AurA antibody did not inhibit aster and spindle assembly stimulated by RanGTP. The number of MT asters and spindles was quantified from
reactions shown in (C) in 50 random fields using a 603 objective. Representative results from one of at least three independent experiments are
shown.completely lacking or slightly enhanced compared to
the TPX2-depleted egg extract (Figure 2A). The reason
for the slight enhancement that we sometimes saw is
currently unclear. Together, the above studies indicate
that the N-terminal region of TPX2 is important for
AurA activation by RanGTP.
Next, we asked whether DNTPX2 could replace en-
dogenous TPX2 to support spindle assembly stimulated
by RanGTP. TPX2-depleted M phase extracts were sup-
plemented with either purified wild-type TPX2 or purified
DNTPX2. Although addition of either protein rescued MT
aster assembly induced by RanGTP, only TPX2 was able
to significantly rescue spindle assembly (Figures 2B and2C). AurA was concentrated at the centers of MT asters
and spindle poles in mock-depleted extracts and in
TPX2-depleted extracts with TPX2 add-back (Figure 2B).
However, although DNTPX2 was able to support MT as-
ter assembly, AurA was not concentrated at the center
of these asters (Figure 2B). The lack of AurA localization
to MT astral centers may explain why DNTPX2 was inef-
ficient in rescuing spindle assembly in M phase egg ex-
tracts that were depleted of TPX2 (Figure 2C). We found
that addition of DNTPX2 into TPX2-depleted egg ex-
tracts always led to the assembly of significantly more
MT asters, which could be due to the lack of spindle as-
sembly in the egg extracts. Our findings show that TPX2
Current Biology
2158Figure 2. AurA Kinase Activation by TPX2 Is Essential for Spindle Assembly Stimulated by RanGTP
(A) AurA activation by TPX2. TPX2 was depleted from M phase egg extracts (-TPX2) followed by RanGTP stimulation with or without supplement-
ing the extracts with purified TPX2 or DNTPX2. The activation of AurA was determined using a previously described antibody (p-AurA), which
recognizes phospho-T295 in the activation loop of AurA. Total AurA was detected using the AurA antibody raised against His-AurA (AurA).
(B) AurA activation and spindle assembly. MT structures assembled in experiments described in (A) were examined. Depleting TPX2 blocked the
assembly of both MT asters and spindles. Although TPX2 add-back rescued the formation of both spindles and asters in the depleted extracts,
DNTPX2 add-back only rescued the formation of asters. Moreover, only TPX2 add-back restored the localization of AurA to the centers of asters.
Scale bar, 10 mm.
(C) Quantification of asters and spindles in 50 random fields of the reactions in (B). Representative results from one of at least three independent
experiments are shown.binding and activation of AurA are required for spindle
assembly stimulated by RanGTP. Because all of the re-
actions were carried out in the absence of centrosomes,
these findings further show that the activation of AurA
kinase by TPX2 is required for spindle assembly in the
absence of centrosomes.
How do we reconcile the above findings with the re-
cent report suggesting that TPX2-mediated AurA activa-
tion is not essential for spindle assembly induced by
sperm chromatin [11]? We reasoned that our immuno-
depletion of TPX2 might be more complete than that re-
ported by Brunet et al. To test this possibility, we used
Xenopus sperm to induce spindle assembly in egg ex-
tracts depleted of TPX2 and found that depletion of
TPX2 completely blocked spindle assembly. Only a
few half spindles with either focused or unfocused poles
were present in the egg extracts. Addition of purified
TPX2 fully rescued spindle assembly to the control level
(see Figure S1 available with this article online), suggest-
ing that the egg extract was not damaged by the manip-
ulation. However, addition of DNTPX2 failed to cause
significant rescue (Figure S1). Moreover, when TPX2
was gradually replaced by DNTPX2 in the add-back ex-
periments, we observed a gradual reduction of good bi-
polar spindle structures and a gradual increase of badspindles and half spindles with either focused or unfo-
cused poles (Figure S1). Therefore, AurA kinase activa-
tion by TPX2 is essential for spindle assembly either in
the presence or absence of chromatin and centrosomes
in Xenopus egg extracts.
AurA-Coated Magnetic Beads Function as MTOCs
Having established the important role of AurA activation
in spindle assembly in Xenopus egg extracts, we sought
to develop efficient functional assays to study how this
kinase might regulate spindle assembly. While attempt-
ing to immunodeplete AurA from M phase egg extracts
using our AurA antibody coupled to protein A magnetic
beads, we found that after stimulating the partially de-
pleted egg extracts with RanGTP, the remaining AurA
beads localized to MT astral centers and spindle poles
(Figure 3A).
To further explore the above observation, we coated
magnetic beads with AurA antibody, and then incubated
the beads with either purified AurA or the kinase-dead
AurA-AA. After incubation, the beads were washed
with XB buffer [10] and then added to M phase egg ex-
tracts in the presence or absence of RanGTP. The beads
that were coated with AurA, but not AurA-AA, nucleated
and organized MT asters and spindle poles only in the
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2159Figure 3. AurA-Coated Beads Act as MTOCs in M Phase Egg Extracts Stimulated by RanGTP
(A) Localization of AurA antibody-coated beads to MT astral centers and spindle poles assembled in the presence of RanGTP in M phase egg
extracts. All scale bars here and below are 10 mm.
(B) The kinase activity of AurA is essential for AurA beads to function as MTOCs. AurA beads made by coating the AurA antibody-bound beads
with either purified AurA protein or with AurA from egg extracts gave indistinguishable results. The images shown for AurA and AurA-AA (kinase-
dead AurA) are from beads coated with purified AurA proteins.
(C) AurA beads did not nucleate microtubules from purified tubulin, while XMAP215-coated beads did. MT assembly was detected using rho-
damine-labeled tubulin. MT nucleation was carried out at the indicated tubulin concentrations at 37ºC for 20 min.
(D) RanGTP stimulated the stable recruitment of microtubule-nucleating activities onto AurA beads. AurA beads were incubated with M phase
egg extracts under the three conditions shown. AurA beads stimulated both aster and spindle assembly in the presence (condition 2), but not in
the absence (condition 1), of RanGTP. As expected, AurA beads incubated in the presence of RanGTP and nocodazole did not assemble MTs
(condition 3). AurA beads from conditions 1 and 3 were retrieved by magnet and washed with XB buffer. MT nucleation was carried out by in-
cubating the beads with 20 mM pure tubulin at 30ºC for 20 min. Only AurA beads incubated with egg extracts in the presence of RanGTP nucleated
MT asters. The diameter of the beads is 2.8 mm.presence of RanGTP (Figure 3B). Although spindles and
asters were assembled in reactions containing AurA-AA
beads and RanGTP, the beads were not associated
with MT structures. In the absence of RanGTP, neither
type of beads induced MT assembly (data not shown).
This suggests that in the presence of RanGTP, the
AurA-coated beads may nucleate and organize MTs,
and that the kinase activity of AurA is essential for this
function.
Next, we examined whether AurA-coated beads could
nucleate MTs directly from pure tubulin solutions. Beads
were first coated with AurA or XMAP215 antibodies.
XMAP215 coated on magnetic beads is known to nucle-
ate MTs both in pure tubulin solutions and in Xenopus
egg extracts [12]. AurA antibody-coated beads and
XMAP215 antibody-coated beads were first incubated
with M phase egg extracts at 4ºC to make AurA-coated
beads and XMAP215-coated beads, respectively. The
retrieved beads were washed with XB buffer at 4ºC.
Quantitative Western blotting showed that similar num-
bers of AurA or XMAP215 molecules were coated on
the beads (data not shown). The beads were used to
nucleate microtubules by incubating with increasingconcentrations of purified tubulin. We found that al-
though XMAP215 beads began to nucleate MTs at
10 mM tubulin, AurA beads did not nucleate MTs even
at 20 mM tubulin (Figure 3C). Thus, unlike XMAP215,
AurA itself cannot nucleate MTs. Therefore, AurA beads
must be activated by RanGTP to recruit additional fac-
tors in the egg extracts to nucleate and organize MTs.
To test whether RanGTP could stimulate the recruit-
ment of proteins necessary for MT nucleation and orga-
nization to AurA beads, we incubated AurA beads with
M phase extracts in the presence or absence of RanGTP
and/or nocodazole (Figure 3D). As expected, AurA
beads stimulated the assembly of many MT asters and
spindles only in the presence of RanGTP (Figure 3D).
No MT structures were assembled in the absence of
RanGTP or in the presence of RanGTP and nocodazole.
We retrieved and washed the AurA beads that were in-
cubated without RanGTP or with both RanGTP and no-
codazole. MT nucleation assays showed that only the
AurA beads that were incubated with RanGTP and no-
codazole could nucleate MT asters (Figure 3D). There-
fore, RanGTP stimulates the stable recruitment of MT
nucleating activities to AurA beads.
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(A) AurA beads stimulate aster and spindle assembly. M phase egg extracts containing beads coated with control IgG (control), AurA, AurA-AA,
or XMAP215 were stimulated by RanGTP for 10 min. MT structures and beads are shown.
(B) Quantification of aster and spindle assembly. Both AurA beads and XMAP215 beads stimulated aster assembly within 10 min, but only AurA
beads assembled spindles at this time point. Significantly fewer asters were assembled in extracts containing either control IgG beads or AurA-
AA beads. MT asters or spindles that were either associated or not associated with beads were counted. Representative results from one of at
least three independent experiments are shown.
(C) Localization of AurA beads and XMAP215 beads on spindles. Both AurA- and XMAP215 beads were localized to the center of microtubules
asters (A). However, whereas AurA beads were found at spindle poles, XMAP215 beads were localized along the spindle. Neither control IgG
beads nor AurA-AA beads showed specific localization to the microtubule structures.
(D) Quantification of bead localization along spindles. Each spindle was divided into ‘‘a,’’ ‘‘b,’’ and ‘‘c’’ areas as shown. The percentage of beads
with localization in these areas was quantified. Representative results from one of at least three independent experiments are shown.
(E) Quantification of bead number per aster or per spindle. Asters with either no bead or one bead per astral center were quantified. Spindles with
one bead at only one of the two poles (one bead) or one bead at each of the two poles (two beads) were quantified. Representative results from
one of a minimum of three independent experiments are shown.AurA-Coated Magnetic Beads Stimulate Microtubule
Nucleation and Spindle Assembly
Next, we explored whether AurA beads could enhance
MT aster and spindle assembly. Beads coated with
AurA, XMAP215, control IgG, or AurA-AA were added
to M phase extracts in the presence of RanGTP. We
found that both AurA beads and XMAP215 beads, butnot AurA-AA beads or IgG beads, stimulated the assem-
bly of MT asters (Figures 4A and 4B). Moreover, AurA
beads stimulated spindle assembly in about a third of
the time that it took for spindle assembly to occur in ex-
tracts containing XMAP215 beads, AurA-AA beads, or
control IgG beads (see the time course experiments in
Figure S2). Examples of MT asters or spindles formed
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2161Figure 5. The MTOC Function of AurA-Coated Beads Depends on Both MT Nucleators and MT-Based Motors
(A) Immunodepletion of TPX2 or g-tubulin from the M phase egg extracts. Controls were immunodepletions carried out with non-immunized rab-
bit IgG.
(B) Immunodepletion of either TPX2 or g-tubulin significantly affected the ability of AurA beads and XMAP215 beads to nucleate MT in the pres-
ence of RanGTP. Scale bars here and below are 10 mm.
(C) Quantification of beads that were not associated with MTs. Immunodepletion of either TPX2 or g-tubulin increased the number of MT-free
AurA or XMAP215 beads. This effect was more pronounced on the AurA beads than on the XMAP215 beads. Representative results from
one of at least three independent experiments are shown.
(D) Inhibition of Eg5 or dynein using Monastrol or 70.1 antibody, respectively, completely disrupted spindle assembly in extracts containing AurA
beads. The images shown are at an early time point when AurA beads already stimulated spindle assembly while XMAP215 beads stimulated
only aster assembly (see Experimental Procedures). Whereas MTs assembled in the presence of AurA beads and Monastrol were not focused
on the beads, MT asters assembled from XMAP215 beads exhibited a tight focus. Inhibition of dynein using 70.1 antibody did not significantly
inhibit the ability of AurA- or XMAP215 beads to nucleate MT asters. Dynein inhibition caused the XMAP215 beads to nucleate asters with long
MTs.
(E) Quantification of MT-free beads. Monastrol (MA), but not 70.1 antibody, significantly increased the percentage of MT-free AurA beads. Neither
Monastrol nor 70.1 antibody greatly affected the ability of XMAP215 beads to nucleate MT asters. Representative results from one of at least
three independent experiments are shown.after 10 min of incubation in the presence of beads
coated with AurA, XMAP215, control IgG, or AurA-AA
are shown (Figure 4A). At this time point, only AurA
beads induced spindle assembly (Figures 4A and 4B).
We noticed that although AurA beads were always lo-
calized to astral centers and spindle poles, XMAP215
beads were found at astral centers and along the spin-
dles (Figures 4C–4E). In contrast, neither AurA-AA beads
nor control IgG beads were associated with MT asters or
spindles (Figures 4C–4E). To quantify the localization of
beads on MT asters and spindles, we first determined
the distribution of the beads along the spindles by divid-
ing the spindles into three areas as shown (Figure 4D).Over 90% of AurA beads were found at the spindle
pole regions, although XMAP215 beads were distrib-
uted along the spindle in all three areas (Figure 4D). Be-
cause AurA-AA beads or control IgG beads showed little
association with MT structures, we counted over 100
beads and found that no (control IgG beads) or only
a few (AurA-AA beads) of these beads were associated
with the spindles in one of the three regions (Figure 4D).
We then quantified the percentage of asters having
one or no beads at the astral centers. We found that
while nearly 100% of asters had single AurA beads or
XMAP215 beads, few asters were associated with
AurA-AA beads or control IgG beads (Figure 4E). Finally,
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beads, one at each spindle pole, or only one bead at one
of the two poles. We found that nearly 90% of spindles
assembled in the presence of AurA beads had two beads
with one at each of their poles, whereas most spindles
assembled in the presence of XMAP215 beads had no
beads at the spindle poles (Figure 4E). As expected, nei-
ther AurA-AA beads nor control IgG beads showed sig-
nificant association with spindle poles (Figure 4E).
The above analyses showed that although AurA
beads and XMAP215 beads were both able to stimulate
the assembly of MT asters, only AurA beads accelerated
spindle assembly in the presence of RanGTP (Figures
4A and 4B and Figure S2). Furthermore, although
XMAP215 beads bound along spindles, individual AurA
beads were localized to each spindle pole. These find-
ings suggest that AurA beads nucleate and organize
MTs in a different manner than that of XMAP215 beads
in the presence of RanGTP. Because AurA beads cannot
nucleate MTs in the absence of RanGTP in the egg
extracts, the beads must rely on the recruitment of MT
nucleators and motor proteins in the extracts to function
as MTOCs.
The MTOC Function of AurA Beads Depends
on Both MT Nucleators and MT-Based Motors
To further understand the MTOC function of AurA
beads, we asked whether the MT nucleators TPX2 [17]
and gTuRC [18] contribute to MT nucleation by the
AurA-coated beads in the egg extract. We immuno-
depleted either TPX2 or g-tubulin from M phase egg ex-
tracts (Figure 5A), and then used RanGTP to induce MT
nucleation from AurA beads or XMAP215 beads. We
found that depletion of either TPX2 or g-tubulin signifi-
cantly reduced MT nucleation by both AurA beads and
XMAP215 beads (Figure 5B). Quantification revealed
that when either nucleator was depleted, a higher pro-
portion of AurA beads failed to nucleate MTs as com-
pared to XMAP215 beads (Figure 5C). Therefore, MT
aster assembly mediated by AurA beads relies more
heavily on MT nucleators than the assembly mediated
by XMAP215 beads.
Because AurA beads stimulated spindle assembly, we
also examined the roles of two motors, the kinesin Eg5
and dynein, in MT nucleation and organization by AurA
beads. As expected, inhibiting either Eg5 by Monastrol
[19], or dynein by 70.1 antibody [20], completely dis-
rupted spindle assembly in the egg extract containing
either AurA beads or XMAP215 beads (Figure 5D). How-
ever, inhibition of dynein or Eg5 had a very different ef-
fect on the organization of MT asters formed by AurA
beads and XMAP215 beads. When dynein was inhibited,
over 90% of AurA beads and XMAP215 beads could nu-
cleate MT asters, and the MTs nucleated from XMAP215
beads were longer than those of AurA beads (Figure 5D).
However, when Eg5 was inhibited, while most XMAP215
beads (>90%) were able to nucleate MT asters, only
w40% of AurA beads could nucleate MTs asters (Fig-
ures 5D and 5E). Furthermore, the AurA beads that did
nucleate MT asters were found within hollow centers
of the asters that had few MTs (Figure 5D). These results
indicate that both Eg5 and dynein are required for AurA-
bead-based MT organization and spindle assembly. Fur-
thermore, the two motors have different effects on MTorganization mediated by AurA beads and XMAP215
beads.
Conclusion
We have shown in this study that concentrating AurA
kinase on the surface of magnetic beads allows the
enzyme to stimulate the formation of both MT asters
and spindles in the presence of RanGTP. Furthermore,
we have shown that AurA is required for RanGTP-
stimulated spindle assembly either in the presence or
in the absence of chromatin and centrosomes. Because
the ability of AurA beads to nucleate MTs and to stimu-
late spindle assembly requires RanGTP, MT nucleators,
and MT-based motors, the AurA-bead-based assay
described here can be further explored to study the
mechanism of AurA action in mitosis. Moreover, the
bead-based assay can also be optimized for large-scale
functional screens to identify chemical inhibitors of MT
nucleation and spindle assembly in vitro, which could fa-
cilitate the discovery of drugs that interfere with AurA
function.
Experimental Procedures
Rabbit polyclonal antibody to AurA was produced with His-tagged
AurA expressed in bacteria [10]. The antibody was affinity purified
against the same AurA protein. The AurA antibodies produced
from four different rabbits had the same ability to make AurA beads
that were competent for MT nucleation and spindle assembly. The
antibodies against the following proteins have been described pre-
viously: AurA (1C1) [10], XMAP215 [20], TPX2 [10], g-tubulin [18], Eg5
[15], and dynein (70.1, Sigma). The magnetic beads (2.8 mm) were
protein A-coated (Dynal Biotech). M phase egg extracts were
made as in [10]. A detailed description of bead preparation and
MT assembly assays can be found in the Supplemental Data.
Supplemental Data
Supplemental Data include Experimental Procedures and two
figures and are available at http://www.current-biology.com/cgi/
content/full/15/23/2156/DC1/.
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